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【摘要】  背景与目的  最近研究表明假基因来源的长链非编码RNA（long non-coding RNAs，lncRNA）
是癌症的关键调控因子。然而，在胰腺癌中却鲜有对lncRNA的鉴定和研究。我们旨在明确假基因来源的
























基因和长链非编码R NA（ long  non- cod ing  R NA，
lncRNA）基因[5, 6]。假基因是基因复制的结果，复制
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1.4  定量逆转录聚合酶链反应（quantitative reverse 










表 1   DUXAP8表达水平与PDAC患者临床病理特征的相关性
Ta b l e  1   C o r r e l a t i o n  b e t w e e n  D U X A P 8  e x p r e s s i o n  a n d 
clinicopathologic characteristics of patients with PDAC































用合适的特异性或对照 s i R N A 转染 B x P C - 3 和

















只小鼠的右下腹部注射100 μL细胞悬浮液（每组n = 
6）。每3 d检测1次肿瘤生长情况，用卡尺测量肿瘤
的长度（L）和宽度（W）来确定肿瘤体积（V），
根据公式V =（L × W2）× 0.5计算肿瘤体积。在接种
15 d后，从所有小鼠中取出肿瘤。












1 . 1 1   染 色 质 免 疫 沉 淀 （ c h r o m a t i n  i m m u n o -
precipitation，ChIP）




通 过 1 0 % 十 二 烷 基 硫 酸 钠 聚 丙 烯 酰 胺 凝 胶
电泳（s o d i u m  d o d ec y l  su l f ate  p o l y ac r y l am i d e  ge l 
electrophoresis，SDSPAGE）分离细胞蛋白裂解物，
转移至0.22 μm NC膜（Sigma），并与特异性抗体
共 同 孵 育 。 使 用 E C L 显 色 底 物 通 过 光 密 度 测 定 法



















使用Graph Pad Prism 5软件（Graph Pad软件公司）进
行配对Student’s检验、双因素ANOVA、线性回归检
验和Pearson检验。所有数据均表示为平均值±标准









上调（变化倍数> 2.0，P < 0.05；图1a）。然而，在
所有上调的lncRNA中只有3个lncRNA在所有数据集
中一致上调（图1a、b）。鉴于胰腺癌中候选lncRNA








表达（n = 29）和低表达（n = 29）组，进一步研究
了DUXAP8表达水平与临床病理变量之间的关系。
然后进行卡方检验以评估两组间的临床病理变量。
如表1所示，D U X A P 8高表达和低表达组患者的肿
瘤大小（P = 0.033）和TNM分期（P = 0.0034）显著
不同（图1e）。DUXAP8低表达组的中位OS为31个
月（范围：1–55个月），DUXAP8高表达组的中位


















我们进一步研究了D U X A P 8对B x P C - 3异种移
植物生长的影响。与对照组相比， s h -D U X A P 8显
著抑制了异种移植物的生长，肿瘤体积和重量显
著降低（图3a–c）。qRT-PCR检测结果显示，源自
s h -D U X A P 8 转染细胞的肿瘤组织中 D U X A P 8 水平
较低（图3 d）。免疫组织化学结果显示，携带 s h -
DUXAP8转染细胞的肿瘤异种移植物的Ki67染色程




通 常 ， l n c R N A 通 过 与 特 异 性 R N A 结 合 蛋 白
相互作用来激活癌基因或抑制肿瘤抑制因子，参
与调控癌细胞表型。为了研究 D U X A P 8 在胰腺癌
细 胞 中 的 分 子 机 制 ， 我 们 在 B x P C - 3 和 PA N C - 1 细
胞 中 检 测 了 敲 低 D U X A P 8 对 9 种 不 同 的 与 细 胞 增
殖 相 关 的 转 录 产 物 的 影 响 （ 图 4 a 、 b ） 。 我 们 发
现DUX A P8下调后了CDKN1A、CDKN2B、KLF2、
Bax、caspase-3、caspase-9、PTEN和EMP1的mRNA转
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图 1  DUXAP8在胰腺癌组织中的相对表达水平及其临床意义
Fig. 1  Relative expression of DUXAP8 in pancreatic cancer tissues and its clinical significance. a: Hierarchical clustering analysis of 
differentially expressed lncRNAs (fold change > 2; P < 0.05) in pancreatic cancer and normal tissues. b: Overlap of dysregulated lncRNAs in 
three GEO datasets. c: The DUXAP8 gene is located at the chromosomal locus 22q11.1 and encodes a 2107-bp transcript (https ://www.ncbi.
nlm.nih.gov). d: Relative expression of DUXAP8 in pancreatic cancer tissues compared with paired adjacent normal tissues (n = 58), and 
DUXAP8 expression was classified into two groups. e: DUXAP8 expression was significantly higher in patients with a larger tumor size and a 
more advanced pathological stage (shown as ΔCT). f: Patients with high DUXAP8 expression had significantly shorter overall survival than 
patients with low DUXAP8 expression (P < 0.001, log rank test). Bars: s.d., *P < 0.05, **P < 0.01.















E Z H 2  是 一 种 通 过 组 蛋 白 3 第 2 7 位 赖 氨 酸 的
三 甲 基 化 （ H 3 K 2 7 m e 3 ） 来 调 节 转 录 的 负 调 控 因
子，而L SD 1是通过组蛋白3第4位赖氨酸的去甲基
化（H 3 K 4 m e 2）来调节转录的负调控因子 [ 1 9 ,  2 0 ]。
图 2  在体外DUXAP8对PC增殖和凋亡的影响
Fig. 2  Effects of DUXAP8 on PC proliferation and apoptosis in vitro. a: Analysis of DUXAP8 expression levels in PC cell lines (AsPC-1, BxPC-3 
and PANC-1) compared with a normal pancreatic cell line (HPDE6) by qPCR. Data are shown as fold change (2–ΔΔCT) and the mean ± SD 
from three independent experiments. b: DUXAP8 knockdown in PC cells transfected with si-DUXAP8 1# or si-DUXAP8 2#. c: MTT assays 
were performed to determine the cell viability of AsPC-1, BxPC-3 and PANC-1 cells after the transfection of siRNA against DUXAP8. d: 
Representative results of the colony formation of PC cells transfected with the siRNA of DUXAP8. e: Flow cytometry assays were performed 
to analysis the cell cycle progression when BxPC-3 and PANC-1 cells transfected with siRNA against DUXAP8. f: Flow cytometry assays were 
performed to analysis the cell apoptotic in siRNA-transfected BxPC-3 and PANC-1 cells. Representative images and data based on three 
independent experiments. Bars: s.d, *P < 0.05, **P < 0.01.
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图 3  在体内DUXAP8的沉默抑制PC生长
Fig. 3  The silencing of DUXAP8 inhibited PC growth in vivo. a: BxPC-3 cells with stable DUXAP8 knockdown were used for the in vivo study. 
Nude mice carrying tumors from respective groups are shown. b: Tumor volumes were calculated after injection every 3 days. c: Tumor 
weights from two groups are represented. d: Images of HE staining and immunohistochemistry of the xenograft tumors. Representative 
Ki-67 protein levels in xenograft tumors as evaluated by IHC. Representative images and data based on three independent experiments. e: 
qPCR was performed to detect the average expression of DUXAP8 in xenograft tumors (n = 6). Bars: s.d, *P < 0.05, **P < 0.01.














图 4  DUXAP8通过结合EZH2表观遗传沉默CDKN1A和KLF2转录
Fig. 4  DUXAP8 epigenetically silences CDKN1A and KLF2 transcription by binding with EZH2. a, b: The levels of CDKN1A, CDKN2B, KLF2, 
Bcl-2, Bax, Caspase-3, Caspase-9, PTEN and EMP1 mRNA were detected by qPCR upon knockdown of DUXAP8 in BxPC-3 and PANC-1 cells. c: 
Bioinformatic analysis to predict the interaction probabilities of DUXAP8 and RNA binding proteins via RNA–protein interaction prediction 
(http://pridb .gdcb. iasta te.edu/RPISe q/). Predictions with probabilities > 0.5 were considered positive. RPISeq predictions are based on 
Random Forest (RF) or Support Vector Machine (SVM). d: RIP assays were performed in BxPC-3 cells and the coprecipitated RNA was subjected 
to qPCR for DUXAP8. e, f: LSD1 and EZH2 expression levels were determined by qPCR when LSD1 or EZH2 were knocked down in BxPC-3 cells. g, 
h: The levels of CDKN1A, CDKN2B, KLF2, Bcl-2, Bax, Caspase-3, Caspase-9, PTEN and EMP1 mRNA after knockdown of LSD1 or EZH2 in BxPC-3 
cells. i: Overlap of up-regulated genes after knockdown of DUXAP8, LSD1 and EZH2. j: ChIP-qPCR of H3K4me2 and LSD1, H3K27me3 and EZH2 
of the promoter region of the CDKN1A locus after siRNA treatment targeting si-NC or si-DUXAP8 in BxPC-3 cells. k: ChIP-qPCR of H3K4me2 
and LSD1, H3K27me3 and EZH2 of the promoter region of the KLF2 locus after siRNA treatment targeting si-NC or si-DUXAP8 in BxPC-3 cells. 
Bars: s.d, *P < 0.05, **P < 0.01.






图 5  拯救实验显示DUXAP8负调控KLF2表达
Fig. 5  DUXAP8 negatively regulates expression of KLF2 by rescue experiments. a, b: The levels of CDKN1A and KLF2 expression were 
determined by qPCR in 20 pairs of PC tissues. c, d: The levels of CDKN1A and KLF2 mRNA expression were determined by qPCR when BxPC-3 
cells were transfected with si-NC, si-CDKN1A or si-KLF2. e: The CDKN1A and KLF2 protein levels were determined by Western blot in CDKN1A 
or KLF2 knockdown BxPC-3 cells. f: MTT assays were performed to determine the cell viability of BxPC-3 cells after the transfection of 
siRNA against CDKN1A or KLF2. g, h: MTT and colony formation assays were used to determine the cell proliferation ability for BxPC-3 cells 
transfected with si-NC and si-DUXAP8 and co-transfected with si-DUXAP8, si-CDKN1A or si-DUXAP8, si-KLF2. Representative images and data 
based on three independent experiments. Bars: s.d, *P < 0.05, **P < 0.01.
















许多假基因来源的 lncR NA可以通过与R NA结
合蛋白（例如PRC2、SUV39H1和LSD1）相互作用




































图 6  DUXAP8作用的模式图
Fig. 6  Proposed model for the action of DUXAP8.
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